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TO THE EDITOR
Alopecia areata (AA) is a putative
autoimmune hair loss disease. Anagen-
stage hair follicles may have immune
privilege (Billingham and Silvers, 1971)
comprising downregulation of major
histocompatibility complex (MHC) class
I and II and production of immunoregu-
latory agents (Paus et al., 2003, 2005; Ito
et al., 2004). Of several hypotheses for
AA pathogenesis (McElwee et al., 2002;
Gilhar et al., 2007), one suggests that AA
is a consequence of immune privilege
collapse (Paus et al., 2003; Ito et al.,
2004). Although immunohistological
studies on immune privilege in AA have
been performed (McDonagh et al.,
1993; Ito et al., 2004), expression has
not been objectively quantified and
some immune privilege factors have
not been investigated. We conducted
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Figure 1. Differential expression of immune privilege-associated genes in the lesional margin of alopecia
areata (AA)-affected patches and the perilesional scalp hair follicles as compared with normal scalp
specimens. Quantitative PCR (qPCR) revealed apparent marked increased expression of IL1 receptor
antagonist (IL1Ra), CD80, and macrophage inhibitory factor (MIF) in lesional margin hair follicle bulbs. Red/
IK cytokine was significantly downregulated in the lesional margin. The fold change of gene expression was
analyzed by qPCR and was calculated using the formula 2DDCt, using perilesional and lesional hair follicles
from four AA patients versus normal hair follicles from four controls with X20 hair follicles per biopsy, and
qPCR analysis was conducted in triplicate. Error bars represent the range factor difference (2DDCt±DCt
standard deviation). *Indicates Po0.05 by Student’s t-test. The y axis is in log10 scale.
Abbreviations: AA, alopecia areata; MHC, major histocompatibility complex
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quantitative PCR to elucidate changes
in immune privilege-associated gene
expression in AA.
This study was conducted in the
Department of Dermatology and Skin
Science, University of British Colum-
bia. The Declaration of Helsinki Prin-
ciples was followed and the University
Clinical Research Ethics Committee
approved the study. Written informed
consent was obtained from all subjects.
Four female patients, not undergoing
treatment, had patchy AA (30–50% hair
loss) in an active stage, which was
confirmed by a positive hair-pull test of
the lesional margin. Two 4-mm punch
biopsy specimens were taken from the
lesional margin and from perilesional
scalp skin 2 cm from the lesional
margin, which proved negative in a
hair-pull test. Four control scalp speci-
mens were obtained from cosmetic
surgery subjects (comprising three wo-
men and one man). Tissues were placed
in an RNA stabilizer (RNAlater, Qiagen,
Mississauga, ON). Hair follicles were
microdissected from immediately be-
low the sebaceous glands to include the
connective tissue sheaths and hair
bulbs, but with adjacent, non-follicular
tissue removed (Philpott et al., 1992).
Telogen-stage follicles were discarded
on the basis of their length and
the absence of a recognizable hair
bulb. The hair bulbs of anagen and
dystrophic anagen follicles were ampu-
tated (nX20 per biopsy).
Figure 2. Expression of red/IK in normal and
alopecia areata (AA)-affected hair follicles.
Immunohistological analysis showed normal hair
follicles to express red/IK (brown color) in the
outer root sheath of hair follicles and to a lesser
extent in the hair matrix (a, c, d). Eccrine glands
also expressed some red/IK (b). Some dermal
papilla cells located in more central areas of the
dermal papilla structure (inset c) expressed red/IK
(c). Hair follicles in the perilesional AA scalp
(c, d) and lesional AA margin (e) of AA patients
presented with similar red/IK expression distribu-
tion. Parallel processing of tissues using the same
concentrations and incubation time periods
yielded little to no chromogen deposition in
perileisonal AA (g) and lesional margin (h) hair
follicles compared with normal hair follicles
(f). Expression in sebaceous glands and non-
follicular epithelium was largely non-specific.
Bar¼200 mm (a), 40mm (b, c), and 100 mm (d–h).
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RNA was extracted (RNeasy Fibrous
Tissue Kit; Qiagen) and reverse tran-
scribed (Superscript complementary
DNA synthesis kit; Invitrogen Life
Technologies, Carlsbad, CA) according
to manufacturer’s protocols. Primers
(Invitrogen, Burlington, ON) for 18
genes (Figure 1) were developed as
described elsewhere (Yu et al., 2008).
The quantitative PCR reactions were
conducted using SYBR Green PCR
Master Mix (Finnzymes, Espoo, Finland)
in an Opticon DNA Engine (MJ
Research, Waltham, MA). Data per
sample were analyzed against 18S
(Ambion, Austin, TX) using the com-
parative cycle threshold method (Ct)
(DDCt) and evaluated by Student’s t-test
(Livak and Schmittgen, 2001).
Immunohistological analysis was
conducted on biopsy specimens from
the lesional margin and perilesion from
four patients and four controls using
rabbit anti-red/IK antibody (Bethyl
Laboratories, Montgomery, TX), bioti-
nylated anti-rabbit antibody (Dako,
Mississauga, ON, Canada), streptavidin-
peroxidase (Dako), 3,30-diaminobenzi-
dine (Vector Laboratories, Burlingame,
CA), and hematoxylin counterstain.
In lesional AA follicles, 13 genes
showed several fold increase in mRNA
compared with normal scalp (Figure 1),
but only CD80 reached statistical sig-
nificance. In perilesional AA compared
with normal follicles, several genes were
also upregulated, although only IL-1Ra
was statistically significant. In contrast,
FasL was significantly downregulated
in lesional follicles and lymphocyte
proliferation inhibitor indoleamine 2,3-
dioxygenase was downregulated in peri-
lesions, whereas costimulatory molecule
CD86 was significantly downregulated
in both lesional and perilesional follicles
(Figure 1).
Red/IK cytokine showed significant
downregulation in perilesional hair
follicles compared with normal follicles
(P¼0.001). Immunohistological analy-
sis revealed red/IK expression in the
outer root sheath from the bulb to the
level of the sebaceous gland in normal
hair follicles and at a relatively lower
level in the hair matrix (Figure 2). Some
dermal papilla cells also expressed red/
IK and some expression was observed
in eccrine glands. Hair follicles from
perilesional and lesional AA margins
presented similar expression patterns.
In parallel processing, chromogen de-
velopment required twice the amount
of time for AA scalp tissue as compared
with control biopsy specimens, while
using the same development time dura-
tion yielded almost no chromogen
deposition (Figure 2).
The patterns of differential gene
expression in perilesional and lesional
AA margin may suggest that, although
AA may be overtly localized and
patchy, the biochemical features of
AA extend significantly beyond the
clinically affected regions of hair loss.
Alternatively, and potentially more sig-
nificantly, the data may reflect aberra-
tions in hair follicle immune privilege
that are inherent in those susceptible to
AA development. However, this study
does not determine whether the ob-
served changes are causative or repre-
sent a reaction to the disease.
Hair follicles in the lesional margins
of AA patches apparently attempted to
mount an immunoprotective response
with the upregulation of several immune
privilege genes as compared with perile-
sional bulbs. However, such defense
response failed to protect the hair follicle
given the observed positive hair-pull
tests. As natural killer cells target cells
with low MHC class I expression, it has
been postulated that AA is the conse-
quence of immune privilege collapse
and activation of natural killer cells
against hair follicles (Ito et al., 2008).
Several immune privilege genes showed
downregulation in perilesional AA hair
follicles and lesional AA hair follicles as
compared with normal controls. How-
ever, only reduced expression of red/IK
and indoleamine 2,3-dioxygenase
achieved statistical significance. Other
immune privilege genes may also be
functionally involved, but the lack of
statistical significance of the data reflects
the variability in expression between
individuals with AA.
Red/IK cytokine is an antagonist of
IFNg-induced expression of MHC class
II antigens and a regulator of CD34þ
cell growth (Krief et al., 1994; Cao
et al., 1997). Abnormal expression of
MHC class II antigens is associated with
autoimmune disease (Guardiola and
Maffei, 1993). MHC class II is normally
absent in hair follicle root sheaths and
hair matrix, but increased MHC class II
expression occurs in AA (Brocker
et al., 1987). The relative lack of red/
IK expression in perilesional hair folli-
cles, which do not show evidence of
AA (negative hair-pull test, no inflam-
matory infiltrate in biopsies), suggests
that it may have a role in AA pathogen-
esis. If red/IK normally blocks MHC
class II expression, then its relative
absence in perilesional and lesional
AA hair follicles may enable MHC
class II antigen expression and might
also modulate CD34þ cell growth in
hair follicles.
In conclusion, our investigation sup-
ports the possibility of immune privi-
lege deficiency in AA pathogenesis in
advance of overt hair loss. The data
here suggest that red/IK merits further
investigation.
CONFLICT OF INTEREST
The authors state no conflict of interest.
ACKNOWLEDGMENTS
This work was financially supported by the
Canadian Dermatology Foundation, National Alo-
pecia Areata Foundation, Michael Smith Founda-
tion for Health Research, and Canadian Institutes
of Health Research (MOP-167368).
Hoon Kang1, Wen-Yu Wu2, Blanche
K.K. Lo3,4, Mei Yu3,4, Gigi Leung3,4,
Jerry Shapiro3 and Kevin J. McElwee3,4
1Department of Dermatology, College of
Medicine, The Catholic University of Korea,
Seoul, Korea; 2Department of Dermatology,
Huashan Hospital, Fudan University, Shanghai,
China; 3Department of Dermatology and Skin
Science, University of British Columbia,
Vancouver, British Columbia, Canada and
4Vancouver Coastal Health Research Institute,
Vancouver, British Columbia, Canada
E-mail: kmcelwee@interchange.ubc.ca
REFERENCES
Billingham RE, Silvers WK (1971) A biologist’s
reflections on dermatology. J Invest Dermatol
57:227–40
Brocker EB, Echternacht-Happle K, Hamm H,
Happle R (1987) Abnormal expression of
class I and class II major histocompatibility
antigens in alopecia areata: modulation by
topical immunotherapy. J Invest Dermatol
88:564–8
Cao LX, Le Bousse-Kerdiles MC, Clay D, Oshevski
S, Jasmin C, Krief P (1997) Implication of a
new molecule IK in CD34+ hematopoietic
progenitor cell proliferation and differentia-
tion. Blood 89:3615–23
www.jidonline.org 2679
H Kang et al.
Immune Privilege in Alopecia Areata
Gilhar A, Paus R, Kalish RS (2007) Lymphocytes,
neuropeptides, and genes involved in alope-
cia areata. J Clin Invest 117:2019–27
Guardiola J, Maffei A (1993) Control of MHC class
II gene expression in autoimmune, infectious,
and neoplastic diseases. Crit Rev Immunol
13:247–68
Ito T, Ito N, Bettermann A, Tokura Y, Takigawa M,
Paus R (2004) Collapse and restoration of
MHC class-I-dependent immune privilege:
exploiting the human hair follicle as a model.
Am J Pathol 164:623–34
Ito T, Ito N, Saatoff M, Hashizume H, Fukamizu
H, Nickoloff BJ et al. (2008) Maintenance of
hair follicle immune privilege is linked to
prevention of NK cell attack. J Invest Derma-
tol 128:1196–206
Krief P, Augery-Bourget Y, Plaisance S, Merck MF,
Assier E, Tanchou V et al. (1994) A new
cytokine (IK) down-regulating HLA class II:
monoclonal antibodies, cloning and chromo-
some localization. Oncogene 9:3449–56
Livak KJ, Schmittgen TD (2001) Analysis of
relative gene expression data using real-time
quantitative PCR and the 2(Delta Delta
C(T)) method. Methods 25:402–8
McDonagh AJ, Snowden JA, Stierle C, Elliott K,
Messenger AG (1993) HLA and ICAM-1 expres-
sion in alopecia areata in vivo and in vitro: the
role of cytokines. Br J Dermatol 129:250–6
McElwee KJ, Hoffmann R, Freyschmidt-Paul P,
Wenzel E, Kissling S, Sundberg JP et al.
(2002) Resistance to alopecia areata in C3H/
HeJ mice is associated with increased
expression of regulatory cytokines and a
failure to recruit CD4+ and CD8+ cells.
J Invest Dermatol 119:1426–33
Paus R, Ito N, Takigawa M, Ito T (2003) The hair
follicle and immune privilege. J Investig
Dermatol Symp Proc 8:188–94
Paus R, Nickoloff BJ, Ito T (2005) A ‘‘hairy’’
privilege. Trends Immunol 26:32–40
Philpott MP, Green MR, Kealey T (1992) Rat hair
follicle growth in vitro. Br J Dermatol
127:600–7
Yu M, Zloty D, Cowan B, Shapiro J, Haegert A,
Bell RH et al. (2008) Superficial, nodular,
and morpheiform basal-cell carcinomas ex-
hibit distinct gene expression profiles. J Invest
Dermatol 128:1797–805
Insights from a Desmoplakin Mutation Identified
in Lethal Acantholytic Epidermolysis Bullosa
Journal of Investigative Dermatology (2010) 130, 2680–2683; doi:10.1038/jid.2010.189; published online 8 July 2010
TO THE EDITOR
By linking tension-bearing intermediate
filaments (IFs) to sites of robust cell–cell
adhesion at desmosomes, desmoplakin
(DP) has an essential role in maintain-
ing integrity of tissues that experience
mechanical stress such as skin and
heart (Green and Simpson, 2007). Two
DP isoforms are present in epithelia,
resulting from alternative splicing of
one gene. The C-terminal IF-binding
domain in each isoform is identical,
containing three plakin-repeat domains
(A, B, and C), separated by flexible
linker regions, and followed by a 68-
residue tail involved in regulating DP-IF
specificity. These motifs cooperate to
anchor IFs to desmosomes (Stappen-
beck et al., 1993; Meng et al., 1997;
Choi et al., 2002; Fontao et al., 2003).
Over 50 mutations have been identi-
fied throughout the desmoplakin gene
(DSP) associated with autosomal-domi-
nant or -recessive disorders affecting the
skin, heart, hair, and nails (http://
www.arvcdatabase.info; Bolling and
Jonkman, 2009). Lethal acantholytic
epidermolysis bullosa (LAEB) is an auto-
somal-recessive disease of severe skin
and mucosal fragility caused by prema-
ture DSP termination. In the first
reported LAEB case, the resultant trun-
cated protein lacked the IF-binding
domain and consequently lost keratin
anchorage at the desmosomal plaque
(Jonkman et al., 2005). The second LAEB
case reported a 5-base pair deletion
causing frameshift and premature termi-
nation in exon 20. No tissue was
available for immunofluorescence or
biochemical analysis so the effect on
protein function is unknown (Bolling
et al., 2010). Here, we describe a
previously unreported DSP mutation
resulting in LAEB without apparent
cardiac involvement. Biochemical ana-
lysis of patient keratinocytes (KCs) sheds
light on possible compensatory mechan-
isms that may allow embryonic survival.
A full-term girl, born to consangui-
neous parents, showed virtually total
denudement of skin (Figure 1a) and
mucosae, absent fingernails and
toenails (Figure 1b), and total alopecia
(Figure 1c). Denuded sites re-epithelia-
lized within days without residual
scarring, but blistering recurred rapidly.
Cardiac echocardiograms and chest
X-rays were normal, but the airway filled
with extensive sloughed mucosa. His-
tological sections revealed suprabasal
acantholysis or cell clusters in a single
acantholytic basal cell layer (arrow,
Figure 1d). Immunofluorescence micro-
scopy revealed staining for all basement
membrane zone markers, with plectin
and cytokeratin staining a discontinu-
ous single row of basal KCs adherent to
the basement membrane. DP staining
was absent (data not shown). Based on
the poor prognosis, the parents with-
drew support and the baby expired
on day 26 from airway obstruction.
Autopsy was refused.
After parental institutional review
board-approved informed consent in
adherence to the Declaration of
Helsinki Principles, mutation screening
was performed on genomic DNA iso-
lated from peripheral blood. The com-
plete genomic DNA coding sequence
of DSP was amplified and directly
sequenced as described (Whittock
et al., 1999). The proband showed a
homozygous single nucleotide deletion
(DSP:c.7248delT) in exon 24, which
was heterozygous in parental genomic
DNA (data not shown).
Consistent with a C-terminal muta-
tion, an anti-DP C-terminal antibody
Abbreviations: DP, desmoplakin; IF, intermediate filament; LAEB, lethal acantholytic epidermolysis
bullosa
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